Volume regulation in cortical collecting duct cells: role of AQP2.
The renal CCD (cortical collecting duct) plays a role in final volume and concentration of urine by a process that is regulated by the antidiuretic hormone, [arginine]vasopressin. This hormone induces an increase in water permeability due to the translocation of AQP2 (aquaporin 2) from the intracellular vesicles to the apical membrane of principal cells. During the transition from antidiuresis to diuresis, CCD cells are exposed to changes in environmental osmolality, and cell-volume regulation may be especially important for the maintenance of intracellular homoeostasis. Despite its importance, cell-volume regulation in CCD cells has not been widely investigated. Moreover, no studies have been carried out till date to evaluate the putative role of AQPs during this process in renal cells. In the present study, we have studied the regulatory cell-volume responses to hypo-osmotic or hyperosmotic challenges in two CCD cell lines: one not expressing AQPs and the other stably transfected with AQP2. We have used a fluorescent probe technique in which the acquisition of single-cell kinetic data can be simultaneously recorded with the intracellular pH. Experiments with hyperosmotic mannitol media demonstrated that, independent of AQP2 expression, CCD cells shrink but fail to show regulatory volume increase, at least under the studied conditions. In contrast, under hypo-osmotic shocks, regulatory volume decrease occurs and the activation of these mechanisms is more rapid in AQP2 transfected cells. This regulatory response takes place in parallel with intracellular acidification, which is faster in cells expressing AQP2. The acidification and the initial regulatory volume decrease response were inhibited by glibenclamide and BaCl2 only in AQP2 cells. These results suggest that increases in the osmotic water permeability due to the expression of AQP2 are critical for a rapid activation of regulatory volume decrease mechanisms, which would be linked to cystic fibrosis transmembrane conductance regulator and to barium-sensitive potassium channels.